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ABSTRACT : PURPOSE: To enable a light emitting layer to be enhanced in crystallinity and emission 

output by a method wherein a multilayered film is composed of layers specified in 
thickness. 

CONSTITUTION: A buffer layer 2 is made to grow on a sapphire substrate 1, and an 
N-type Si-doped GaN layer 3 is grown thereon. Thereafter, an lno. 2 Gao. 8 N layer 4 is 
grown as a well layer, and furthermore an ln 0 04 Gao.g6 layer 4' is grown as a barrier 
layer. The layers 4 and 4' are alternately laminated to form a multilayered film by 
repeatedly carrying out the above processes. The layers 4 and 4* forming a multilayered 
film are so set as to be as thick as 5 to 50*. Then, a P-type Mg-doped GaN layer 5 is 
made to grow, and then the substrate 1 is taken out of a reaction vessel and annealed to 
lessen the uppermost P-type GaN layer more in resistance. The P-type GaN layer 5 and 
multilayered film of a wafer obtained as above are partially etched to make the N-type 
GaN layer exposed, and an ohmic electrode is provided to a P-type GaN layer and an 
N-type GaN layer respectively. 
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Title of the Invention: GALLIUM NITRIDE COMPOUND 
SEMICONDUCTOR LIGHT EMITTING ELEMENT 

m 

Abstract : 

Object: To improve a gallium nitride compound semiconductor 
light-emitting element in light-emission output more. 
Constitution: A gallium nitride compound semiconductor 
5 light-emitting element having, as a light-emitting layer, a 
multilayered film wherein I^Ga^N (provided that X is 
0<X<1) layers with different X values are alternately 
stacked between an n-type gallium nitride compound 
semiconductor layer and a p-type gallium nitride compound 
10 semiconductor layer, each of the I^Ga^N layers 

constituting the multilayered film having a film thickness 
in the range between 5 A and 50 A. 
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What is claimed is: 

1. A gallium nitride compound semiconductor light- 
emitting element having, as a light-emitting layer, a 
multilayered film wherein I^Ga^N (where 0<X<1) layers 
5 with different X values are alternately stacked between an 
n-type gallium nitride compound semiconductor layer and a 
p-type gallium nitride compound semiconductor layer, each 
of the InxGa^xN layers constituting the multilayered film 
having a film thickness in the range between 5 A and 50 A. 
10 2. The gallium nitride compound semiconductor light- 

emitting element according to Claim 1, wherein the n-type 
gallium nitride compound semiconductor layer is composed of 

GayAl^yN (where 0<Y<1), and the p-type gallium nitride 
compound semiconductor layer is composed of Ga 2 Al 1 _ z N (where 

15 0<Z<1) • 

3. The gallium nitride compound semiconductor light- 
emitting element according to Claim 1, wherein the X values 
of the InxGa^N layers are in the range of 0<X<0,5. 



20 Detailed explanation of the invention: 

[0001] 

Technical field to which the invention pertains: 

The present invention relates to a light-emitting 
element using a gallium nitride compound semiconductor. 
25 [0002] 
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Prior art: 

A gallium nitride compound semiconductor, such as 
GaN, GaAIN, InGaN or InAlGaN, is a direct transition type, 
and its band gap varies from 1 . 95 cV to 6 cV. Therefore, 
5 it is regarded as a promising material for a light-emitting 
element such as a light-emitting diode or a laser diode. 
At present, as the light-emitting element using this 
material, an MIS-structured blue light-emitting diode 
wherein a p-type dopant-doped high-resistance i-type 
10 gallium nitride compound semiconductor is stacked onto an 
n-type gallium nitride compound semiconductor is known, 
[0003] 

In general, since the MIS-structured light- 
emitting element has an extremely low light-emission output, 

15 its practical use has not been attained yet. A technique 
for making a p-n junction light-emitting diode, wherein a 
high-resistance i-type semiconductor element is made a low- 
resistance p-type element, is disclosed in, for example, 
Japanese Patent Kokai Publication No. 3-218325 which 

20 discloses a technique of irradiating an i-type gallium 
nitride compound semiconductor layer with an electron beam. 
Further, in Japanese Patent Kokai Publication No. 3-357046, 
we proposed a technique of annealing an i-type gallium 

nitride compound semiconductor layer at 4 00°C or higher so 
25 as to make it a low-resistance p-type. 
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[0004] 

Problem to be solved by the invention: 

A light-emitting element using a gallium nitride 

* 

compound semiconductor has been studied from the viewpoints 
5 of both MIS structures and p-n junctions. However, even a 
homostructured light-emitting element using a p-n junction 
of GaN has a light-emission output of only several 
microwatts to several tens of microwatts, which was not 
sufficient for practical use. The present invention was 
10 made in view of the above circumstances, and an object 
thereof is to improve the light-emission output of the 
gallium nitride compound semiconductor element more. 
[0005] 

Means of solving the problem: 

15 We found that the above problem could be solved 

by giving a gallium nitride compound semiconductor light- 
emitting diode a doublehetero structure using a p-n 
junction and moreover forming its light-emitting layer from 
a multilayered film composed of I^Ga^N layers specified 

20 in thickness. That is, the gallium nitride compound 
semiconductor light-emitting element of the present 
invention is characterized by having, as a light-emitting 
layer, a multilayered film wherein In x Ga!_ x N (where 0<X<1) 
layers with different X values are alternately stacked 

25 between an n-type gallium nitride compound semiconductor 
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layer and a p-type gallium nitride compound semiconductor 
layer, each of the I^Ga^N layers constituting the 
multilayered film having a film thickness in the range 
between 5 A and 50 A. 
5 [0006] 

In the gallium nitride compound semiconductor 
light-emitting element of the present invention, the n-type 
gallium nitride compound semiconductor layer to be used 
includes a non-doped (dopant-free) gallium nitride compound 

10 semiconductor, such as GaN, GaAIN, InGaN or InAlGaN . 

Alternatively, it may also include a layer grown in a 
manner so as to exhibit the n-type characteristic by doping, 
for example, an n-type dopant, such as Si, Ge, Te or Se, 
into the non-doped n-type gallium nitride compound 

15 semiconductor. In particular, the n-type gallium nitride 
compound semiconductor is preferably composed of a gallium 
aluminum nitride of binary mixed crystal or ternary mixed 

crystal, such as GayAl^N (where 0<Y<1 ) , in comparison with 
a gallium nitride compound semiconductor containing indium, 
20 because an n-type crystal having superior crystallinity is 
obtained. This increases the light-emission output of the 
element, which is more preferred. 
[0007] 

The p-type gallium nitride compound semiconductor 
25 layer to be used includes a layer grown in a manner so as 
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to exhibit the p-type characteristic by doping, for example, 
an p-type dopant, such as Zn, Mg, Cd, Be or Ca, into the 
non-doped gallium nitride compound semiconductor. In 
particular, the p-type gallium nitride compound 
5 semiconductor is preferably composed of a gallium aluminum 
nitride of binary mixed crystal or ternary mixed crystal, 

such as GajAl^N (where 0<Z<1), in comparison with a 
gallium nitride compound semiconductor containing indium, 
because a p-type crystal having superior crystallinity and 

10 a lower resistance is obtained. As a means of reducing the 
resistance of the p-type gallium nitride compound 
semiconductor layer more, annealing treatment disclosed in 
the Japanese Patent Kokai Publication No. 3-357046 may be 
performed. The reduction in the resistance makes it 

15 possible to improve the light-emission output more. 

[0008] 

In x Ga!. x N layers constitute a multilayered film 
structure wherein the I^Ga^N (where 0<X<1) layers with 
different X values are stacked alternately, and the film 

20 thickness of each of the I^Ga^N layers constituting the 
multilayered film requires to be adjusted in the range 
between 5 A and 50 A. By stacking the I^Ga^N layers with 
different X values alternately, the multilayered film 
becomes a quantum well structure, whereby it is possible to 

25 increase the light-emission output as well as to reduce the 
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lattice constant mismatch between the n-type gallium 
nitride compound semiconductor and the p-type gallium 
nitride compound semiconductor. Also, a light-emitting 
layer formed by a multilayered film has fewer lattice 
5 defects in a crystal compared with a light-emitting layer 
formed by a single InGaN layer instead of the multilayered 
film, resulting in an . improvement in crystallinity. 
Furthermore, by adjusting the film thickness of the In x Ga x _ 
X N layers within the range of 5 A - 50 A, the light- 

10 emission output can be improved. The reason thereof is as 
follows: that is, the adjustment of the film thickness 
within this range can reduce the number of lattice defects 
in the InxGa^xN layers constituting the multilayered film, 
and thus the crystallinity is improved resulting in an 

15 increase in the light-emission output. For example, in the 
case of a growth method using the MOCVD method, the film 
thickness of the I^Ga^N layers can be adjusted by 
controlling the flow rate of Ga source as a source gas or 
by controlling the growth time. The composition ratio of 

20 the I^Ga^N layers can be adjusted by controlling the gas 
flow rate of In source as a source gas, or by controlling 
the growth temperature. Furthermore, it is a matter of 
course that an n-type dopant or a p-type dopant may be 
doped into the In x Ga!_ x N layers to grow them. 

25 [0009] 
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It is preferred that the X values of the I^Ga^N 
layers are adjusted within the range of 0<X<0.5. If the X 
values are 0.5 or more, I^Ga^N layers superior in 
crystallinity are hardly obtained, and thus a light- 
5 emitting element superior in light-emission efficiency is 
hardly obtained. Therefore, the X values are preferably 
within the range of less than 0.5. For realization of a 
blue light-emitting element which has not yet been put into 
practical use, it is required to adjust the X values within 
10 the above range. 

[0010] 
[Action] 

For example, in the case of a light-emitting 
element having a doublehetero structure wherein an n-type 

15 GaN layer, a 100 A-film- thick In0.2Ga0.8N layer and a p- 
type GaN layer are stacked in order, the lattice constant 
of GaN is about 3.19 A, while the lattice constant of InN 
is about 3.54 A. In the light-emitting element having this 
structure, a lattice-constant mismatch at an interface 

20 between the GaN layer and the In0.2Ga0.8N layer is as much 
as about 2.2 %. Therefore, a lattice defect is developed 
at the interface between the GaN layer and the In0.2Ga0.8N 
layer due to a misfit, which results in a deterioration in 
the crystallinity of the In0.2Ga0.8N layer that is a light- 

25 emitting layer. This becomes a factor in lowering of the 



8 



light-emission output . 
[0011] 

However, if, as in the present invention, the 
In0.2Ga0.8N layer is replaced, for example, with a quantum 
5 well-structured multilayered film having a total light- 
emitting film thickness of 100 A, wherein three In0.2Ga0.8N 
layers serving as well layers, each having a film thickness 
of 20 A, and two In0.04Ga0.96N layers serving as barrier 
layers, each having a film thickness of 20 A, are 

10 alternately stacked, (that is, a light-emitting element 
having a structure consisting of an n-type GaN layer plus a 
well layer plus a barrier layer plus a well layer plus a 
barrier layer plus a well layer plus a p-type GaN layer) , 
then the average composition of the In x Ga^ x N layers as the 

15 light-emitting layer becomes InO.12GaO.88N. As a result, 
the lattice constant mismatch between the well layer and 
the GaN layer becomes about 1.3 %, and thus the mismatch is 
reduced. Moreover, since the In0.2Ga0.8N layers that are 
the well layers emit light, the light-emission wavelength 

20 is hardly changed. Accordingly, when the whole 

multilayered film is regarded as one light-emitting layer, 
the lattice constant mismatch is reduced, and thus the 
crystallinity of the light-emitting layer is improved 
because of the reduction of the lattice constant mismatch. 

25 As a result, the InGaN layers with fewer lattice defects as 



the whole can serve as the light-emitting layer resulting 
in an increase in the light-emission output. 
[0012] 

Fig. 2 shows the relationship between the film 
thickness and the relative light-emission output of the 
light-emitting element with the multilayered film 
(consisting of the n-type GaN + In0.2Ga0.8N + InO.04GaO.96N 
+ InO.2GaO.8N + InO.04GaO.96N + In0.2Ga0.8N + p-type GaN 
layers) , provided that each layer of the multilayered film 
has the same film thickness. As shown in the figure, a 
light-emitting element using a multilayered film formed by 
stacking I^Ga^N layers as the light-emitting layer, each 
of which layers is adjusted so as to have a film thickness 
in the range between 5A and 50A, has a relative light- 
emission output of at least 90 %. Out of the above range, 
the light-emission output tends to lower sharply. The 
reason thereof is considered as follows: as described above, 

■ 

a thick-film In^a^N is replaced with a multilayered film, 
a lattice defect is liable to occur more in one In x Ga^ x N 
film resulting in lowering of the output. 

[0013] 
[Examples] 

A process for producing a gallium nitride 
compound semiconductor light-emitting element according to 
the present invention by the metal organic chemical vapor 
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deposition (MOCVD) method is hereinafter described. 

[0014] 
[Example 1] 

A sapphire substrate 1 was placed within a 
5 reaction vessel, and then the sapphire substrate 1 was 
cleaned. After that, setting the growth temperature to 

510°C, a buffer layer 2 made of GaN was grown to a film 
thickness of about 200 A using hydrogen as a carrier gas, 
and ammonia and TMG (trimethyl gallium) as source gases. 
10 [0015] 

After the growth of the buffer layer 2, supply of 
TMG was only terminated and then the temperature was raised 

to 1030°C. When the temperature reached 1030°C, an Si- 
doped n-type GaN layer 4 was grown to a film thickness of 4 

15 |xm using TMG and ammonia as the source gases, and a silane 
gas as a dopant gas. 
[0016] 

After the growth of the n-type GaN layer 4, 
supply of the source gases and the dopant gas were 

20 terminated. Adjusting the temperature to 800°C, and 
switching the carrier gas to nitrogen, an In0.2Ga0.8N layer 

4 was grown to a film thickness of 20 A as a well layer, 

using TMG, TMI (trimethyl indium) and ammonia as source 

gases. Next, as a barrier layer, an InO.04GaO.96N layer 4' 

25 was grown to a film thickness of 20 A by reducing the flow 
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rate of TMI to one fifth. This process was repeated to 
thereby grow a multilayered film having a total film 
thickness of 100 A, wherein firstly, an In0.2Ga0.8N layer 4, 
secondly, an InO.04GaO.96N layer 4', thirdly, an 
5 In0.2Ga0.8N layer 4, fourthly, an InO.04GaO.96N layer 4', 
and fifthly, an In0.2Ga0.8N layer 4 are alternately stacked 
in the film thickness of each of the layers of 20 A. 
[0017] 

Next, terminating the supply of the source gases 

10 and raising the temperature to 1020°C again, an MG-doped p- 
type GaN layer 5 was grown to a film thickness of 5 [m 
using TMG and ammonia as source gases, and Cp2Mg 
(cyclopentadienyl magnesium) as a dopant gas. 
[0018] 

15 After the growth of the p-type GaN layer 5, the 

substrate was taken out of the reaction vessel, and then 
annealed with an annealing apparatus in an atmosphere of 

nitrogen at 70°C for 20 minutes so as to reduce the 
resistance of the uppermost p-type GaN layer more. A cross 
20 sectional view showing the structure of the light-emitting 
element thus obtained is shown in Fig. 1. 
[0019] 

The GaN layer 5 and the multilayered film of the 
wafer thus obtained was partially removed by etching so 
25 that the n-type GaN layer 3 was exposed. The p-type GaN 
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layer and the n-type GaN layer were provided with ohmic 

electrodes. The resultant wafer was cut into a 500 [xnx- 
square chip, thus making a light-emitting diode according 
to a conventional manner. The resultant light-emitting 

5 diode had a light-emission output of 800 |iW at 20 mA and a 
light-emission wavelength of 410 run, achieving a level of 

practical use sufficiently. 

[0020] 

[Example 2] 

10 A light-emitting diode was obtained in the same 

manner as in Example 1, except that the growth time of the 
respective layers of the multilayered film was extended 2.5 
times so that the film thicknesses of the In0.2Ga0.8N 
layers and the In0.04Ga0.96N layers were all 50 A. The 

15 resultant light-emitting diode had a light-emission output 

of 720 |j,W at 20 mA, and a light-emission wavelength of 410 
nm. 

[0021] 
[Example 3 ] 

20 A light-emitting diode was obtained in the same 

manner as in Example 1, except that, in the processes of 
growing the n-type GaN layer 3 and the p-type GaN layer 5, 
TMA (trimethyl aluminum) was newly added to the source 
gases so as to make the n-type GaN layer and the p-type GaN 

25 layer an Si-doped n-type Ga0.9A10.1N layer and an Mg-doped 
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p-type Ga0.9A10.1N layer, respectively. The light-emission 
output and light-emission wavelength of the resultant diode 
had almost the same level as those of Example 1. 
[0022] 

5 [Comparative Example 1] 

A light-emitting diode was obtained in the same 
manner as in Example 1, except that the growth time of the 
respective layers of the multilayered film was extended 3 
times so that the film thicknesses of the In0.2Ga0.8N 
10 layers and the InO.04GaO.96N layers were all 60 A. The 
resultant light-emitting diode had a light-emission output 

of 360 |iW at 20 mA. 
[0023] 

« 

[Comparative Example 2] 
15 A light-emitting diode was obtained in the same 

manner as in Example 1, except that a single In0.2Ga0.8N 
layer was grown to a film thickness of 100 A instead of 
growing a multilayered film. The resultant light-emitting 

diode had a light-emission output of 80 jxW at 20 mA, and 
20 had a light-emission wavelength of 420 nm. 

[0024] 

Effect of the invention: 

As described above, the gallium nitride compound 
semiconductor light-emitting element of the present 
25 invention has a doublehetero structure using a p-n junction, 
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and moreover its light-emitting layer is formed from a 
multilayered film composed of I^Ga^N layers specified in 
thickness. Therefore, a misfit dislocation between the n- 
type gallium nitride compound semiconductor layer and the 
5 p-type gallium nitride compound semiconductor layer is 
reduced resulting in the improvement in the crystallinity 
of the whole light-emitting layer. This improvement 
remarkably improves the light-emission output, whereby 
making it possible to attain a level sufficient for 
10 practical use of the gallium nitride compound semiconductor 
light-emitting element . 

Brief explanation of the drawings: 

Fig. 1 is a schematic cross sectional view 
15 showing the structure of a light-emitting element according 

to one embodiment of the present invention. 

Fig. 2 is a view showing the relationship between 

the film thickness of each layer of a multilayered film of 

a light-emitting element according to one embodiment of the 
20 present invention and the relative light-emission output of 

the light-emitting element. 

Explanation of numerals: 

1 sapphire substrate 

2 GaN buffer layer 

25 3 n-type GaN layer 
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4 In0.2Ga0.8N layer 

4 1 InO . 04GaO . 96N layer 

5 p-type GaN layer 

Fig. 2 

axis of ordinates: Relative light-emission output 

axis of abscissas: Film thickness of well layer (barrier 

layer) 



